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along the way. Nevertheless, I learnt a 
lot and looking back I feel I needed this 
tough period in my career. 
What is your favourite conference? 
The most recent memorable conference 
was the EMBO meeting on Ubiquitin 
and SUMO in Cavtat/Dubrovnik. It was 
an exciting scientific program, with 
great people giving talks in a fantastic 
atmosphere along the Adriatic Coast. 
Do you have a ‘scientific hero’ — if so, 
who and why? I would mention Max 
Perutz for his influence on my career 
shift from medicine toward molecular 
biology. Reading about his work at 
the time revealed my genuine interest 
toward biology. Perutz was a brilliant 
scientist, a founding member of modern 
molecular biology in Europe and a great 
mentor who knew how to inspire young 
scientists toward pursuing a career in 
science. His book I Wish I’d Made You 
Angry Earlier is a good story about 
science, passion and creative power 
that reveals scientific research to be the 
most exciting profession.
Do you have a ‘favorite’ paper? There 
were several papers that influenced 
my career and way of doing science, 
sparking an intense interest to indulge 
in a new field or just leaving me feeling 
that science is great. It is difficult to 
single one out in particular, but I may 
mention the paper by Kazu Iwai’s group 
published in EMBO J. in 2006, which 
described the existence of a ligase 
complex that can build linear ubiquitin 
chains, a novel type of ubiquitin chain 
conjugated via methionine residues 
in ubiquitin rather than lysines. This 
manuscript greatly influenced our 
work as we solved a structure of a 
domain in the NEMO protein bound to 
linear diubiquitin and the puzzle was 
put together — we could understand 
how linear chains are made and how 
these chains can be recognized in 
cells by their selective receptors. Very 
commonly it is this type of unexpected 
finding that is the most exciting. 
Do you have any strong views on 
journals and the peer review system? 
We try to publish our scientific work 
in the most appropriate journals in the 
field and we depend very much on a fair 
and fast peer review system. The recent 
changes in peer reviewing are often 
characterized by long and unnecessarily 
detailed procedures including several 
rounds of revisions. In such instances 
the big picture of discoveries tends to 
be lost by unreasonable requests to 
do more and more experiments, not to 
prove the major finding but rather to 
satisfy the new directions imposed by 
the reviewers.
What are your views on 
communication of science to the 
public? Popularization of science is of 
great importance and emphasizing this 
aspect among younger generations of 
students is essential. With the influence 
of modern methods of communication, 
via the broad accessibility of the internet 
to the general public as well as growing 
social networks, scientists have better 
chances than ever to communicate 
about science and to convey the 
necessary messages to the public.
What are your views on science 
education? I consider education of 
students as exciting as science itself. I 
have put great effort into the education 
of students from my homeland Croatia 
via numerous programs. Among them 
was the opening of an outstation lab 
that was supported from my main base 
in Frankfurt. The laboratory opened 
7 years ago and the net results are very 
positive in terms of education, transfer 
of technologies, increased quality of 
publication, and financial assistance for 
talented scientists in Croatia.
What do you think are the big 
questions to be answered next in your 
field? One of the most exciting aspects 
of ubiquitin research is to understand 
how ubiquitin regulates a large 
spectrum of cellular processes. At the 
moment, we are trying to incorporate 
more quantitative and structural biology 
approaches in our research, and I 
believe that these two disciplines will 
be invaluable in providing new insights 
into the regulation of, for example, DNA 
repair, immunity and inflammation and, 
more recently, autophagy, which is a 
cellular self-eating mechanism.
What is your greatest ambition? To 
have fun doing science. It would be nice 
to be a member of the scientific team 
that will reveal the molecular map of 
a living cell, i.e. describing the spatio-
temporal laws of all dynamic changes 
that are governing the cell’s interior.
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What are CT afferents? Nerve 
receptors in mammalian skin that 
respond to innocuous mechanical 
stimulation. Although C afferents as a 
class are associated with temperature 
and pain coding, CT — for ‘C tactile’ 
or ‘tactile C’ — afferents respond to 
light touch but not painful stimulation. 
They fire action potentials when the 
skin is gently deformed, earning 
the classification of ‘low-threshold 
mechanoreceptors’.
Where are they found? Mammals 
have two general types of epidermal 
skin, each with a slightly different 
composition of nerve receptors. Hairy 
skin covers most of the body even 
where the hair is not always prominent, 
as in humans. Glabrous skin is the 
‘smooth’ skin of the palms, soles, 
and lips. CT afferents are found in 
hairy, but not in glabrous skin of all 
mammals investigated: cats, pigs, 
rodents, nonhuman primates, and 
humans. Their response properties are 
independent of the afferent receptors 
associated with hair follicles, though 
early observations in cats indicated 
that CTs can be sensitive to movement 
of hairs. So far, CT afferents have not 
been found in genital skin. 
These low-threshold 
mechanoreceptive C afferents 
were first reported in cats by Ingve 
Zotterman in 1939. For decades it was 
presumed that they did not exist in 
humans, but in 1990 Magnus Nordin 
made microneurography recordings 
of human CTs from the face. Human 
CT receptive fields are also found in 
the arm and in the leg. The receptive 
fields of CT afferents show a patchy 
organization. Tracer evidence from 
transgenic mice confirms that the 
free nerve endings probably have a 
branching, arborized structure. 
What makes CT afferents unique? 
CT afferents are so sensitive to skin 
deformation that touching the skin 
with a force as low as 0.22 grams 
(2.2 milliNewtons, mN) is sufficient 
to elicit high impulse rates. Like 
other types of C afferent nerves, CTs 
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insulating sheath of fatty myelin. Their 
conduction velocity is therefore slow, 
estimated to convey a signal along the 
axon at about 0.8–1.2 m/sec. 
CTs show a preference for 
stimulation that moves across the skin 
surface, like a caress. When the skin 
is stroked, human CT impulse trains 
reach peak rates of 100 impulses per 
second. But the speed of stroking 
is critical. Unlike large myelinated 
tactile afferents, which increase firing 
linearly with increasing stimulus speed, 
CTs decrease firing at very slow 
speeds (about 0.3 cm/sec) and very 
fast speeds (about 30 cm/sec), but 
increase firing at intermediate speeds 
(about 1–10 cm/sec). This preference 
gives rise to a ∩-shaped tuning curve 
for stimulus velocity. The preferred 
velocity may also vary between 
species. CTs in cats show a similar  
∩-shaped response pattern, but shifted 
to a slower range, peaking at about 
0.1 cm/sec. 
CT afferents fatigue easily. After 
about four seconds, they adapt to 
stimulation and firing decreases 
or stops. However, a phenomenon 
called ‘delayed acceleration’ has also 
been observed in some units. Action 
potentials can resume after about 12 
seconds following adaptation to a 
stimulus, continue irregularly for about 
30 seconds, then become more regular 
and continue for up to two minutes. 
The functional role of this property 
is unclear, and delayed acceleration 
is not associated with subjective 
sensation. 
What pathway do CT afferents follow 
to the brain? Together with other types 
of thinly myelinated and unmyelinated 
fibers, CT afferents predominantly 
project to lamina I/II of the dorsal 
horn of the spinal cord. From there 
they project via the spinothalamic 
tract to posterior/basal ventral medial 
nucleus of the thalamus and onward 
to posterior insular cortex in primates. 
They follow a homologous projection 
in rats. This pathway is considered 
an ‘afferent limb’ of the sympathetic 
nervous system, implying that the 
information it carries bears a close 
relationship with regulatory and 
homeostatic processing. 
Where are CT signals processed in 
the brain? Stroking of hairy skin elicits 
blood-oxygen-level-dependent (BOLD) 
signal increases in human posterior insular cortex in the hemisphere 
contralateral to stimulation. Selective 
CT stimulation in patients lacking large 
myelinated afferents also activates 
this region. This area shows the same 
preference for stroking velocity as CT 
afferents, supporting the idea that it is 
a primary cortical target for CT afferent 
projections.
The posterior insula is postulated 
to play an integrative role among 
somatosensory inputs (from the 
skin) and interoceptive inputs (for 
example, from visceral processes or 
from nociceptors encoding pain). The 
activated cortical area corresponds 
to granular and dysgranular regions 
on or near the long gyrus and within 
and around the insular central sulcus. 
Activation foci are generally located in 
the dorsal caudal regions of the long 
gyrus, but can fall anywhere from the 
posterior short gyrus in mid-insula 
to as far caudally as the retroinsular 
region. Posterior insula shows a 
coarse somatotopic organization, with 
activation for arm stroking anterior to 
activation for thigh stroking.
Visual information about others’ 
caresses also reaches the posterior 
insula. Viewing another person being 
caressed elicits similar speed-sensitive 
responses here as for directly-
experienced touch. Such information 
about others’ interpersonal touch may 
be ‘anchored’ to affectively-relevant 
tactile representations in posterior 
insular areas receiving CT input. 
However, the degree to which posterior 
insula activation reflects evaluation 
of stimulus pleasantness per se is an 
open question.
What do CT afferents do? They are 
associated with the perception of 
hedonic (pleasurable) aspects of touch. 
Rare patients lacking large myelinated 
afferents perceive selective activation 
of CT afferents as weak, but pleasant. 
In healthy human subjects the 
population ∩-shaped tuning curve for 
stimulus velocity is closely correlated 
with how pleasant the stroking feels. 
However, firing of a single unit does 
not give rise to a percept, and in 
healthy subjects CTs are always 
coactivated with large myelinated 
mechanoafferents in the skin. 
Another group of patients shows 
a congenitally reduced density of 
unmyelinated sensory fibers, including 
CT afferents. These patients find 
stroking on the arm generally less 
pleasant compared to controls, and their ‘∩’ pattern of pleasantness 
ratings is significantly flatter across 
stroking speeds. These patients do 
not show posterior insula activation 
during CT stimulation, probably due to 
reduced CT input to the cortex. 
What are CT afferents for? The 
ultimate function of CT afferents 
remains a matter of speculation. 
It is possible that they perform no 
unitary, dedicated role in tactile 
coding and perception, but interact 
in a complex manner with other 
nerve signaling. For example, CTs 
may contribute to feelings of pain 
and tenderness following injury. In 
certain circumstances, CT channels 
may become sensitized at the level 
of the spinal cord, altering their 
receptor inputs to become involved 
in the signaling of pain or unpleasant 
sensation. The same may also be true 
for a type of neuropathic disturbance 
called tactile allodynia, in which 
innocuous forms of touch become 
unpleasant. 
The predominant ‘social touch 
hypothesis’, however, proposes 
that CT afferents carry information 
relevant to hedonic aspects of gentle 
touch. This would be important for 
signaling the kinds of touch, such 
as gentle pressure or a caress 
from a conspecific, that are most 
likely to carry emotional and social 
significance. On this view CTs 
constitute a specific coding channel 
for gentle, dynamic touch, perhaps 
contributing to the affective modulation 
of stress- or threat-related regulatory 
responses.
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